Abstract-This letter proposes a novel deregistration strategy-group deregistration-for PCS networks. In the proposed strategy, instead of deregistering a mobile terminal (MT) right after the MT leaves its registration area (RA), the Home Location Register (HLR) keeps the MT's identification in a list associated with the RA. When the next registration from the RA arrives, the HLR sends the MT identification list to the RA along with the registration acknowledgment message. The RA then deregisters these MTs. Compared to the conventional deregistration strategy, the proposed strategy greatly reduces both the signaling traffic and the database load.
I. INTRODUCTION

L
OCATION tracking is used to keep track of the mobile terminal's location for call delivery [1] . In current mobile systems, when a mobile terminal (MT) changes its registration area (RA), a location update request is sent to the MT's home location register (HLR). The HLR updates the MT's service profile to point to the new RA and sends the service profile to the visitor location register (VLR) associated with the serving mobile service switching center (MSC) of the MT. The MSC controls the RA with the MT. The HLR also sends a deregistration message to the VLR associated with the old RA. The old VLR removes the MT's service profile and sends an acknowledgment message to the HLR. This deregistration method is referred to as explicit deregistration in our discussion. The explicit deregistration scheme may produce significant signaling traffic in the network and require many accesses to the databases involved. Due to the increasing number of mobile subscribers, the access rate to the HLR and the VLRs is expected to be very high and the databases could possibly become the bottleneck of future mobile systems. In [2] , [3] , implicit deregistration and timeout/polling deregistration were proposed to reduce signaling traffic and database load due to deregistration.
In this letter, a new deregistration strategy-group deregistration is proposed. Compared to other existing deregistration strategies, the proposed strategy significantly reduces the signaling traffic and database access load without increasing the database size of the VLRs and replacing valid user registration records in the VLRs.
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In Section II, the proposed strategy is described. In Section III, analysis and simulation results are presented. Conclusions are given in Section IV.
II. THE GROUP DEREGISTRATION STRATEGY
The proposed deregistration strategy can be described as follows.
1) When an MT enters a new RA, the VLR associated with the new RA sends a registration message to the HLR. 2) The HLR updates the MT's service profile to point to the new RA. Instead of sending a registration cancellation message to the old VLR immediately, the HLR keeps the identification of the MT in a list maintained for the old RA. The list is called old MT list (OML).
3) The HLR sends a registration acknowledgment message to the new VLR of the MT along with a copy of the MT's service profile and all MT identifications kept in the OML of the new RA, and empties this OML. 4) After receiving the registration acknowledgment message, the new VLR associated with the new RA picks up the move-out MTs' identifications from the registration acknowledgment message, and removes these MTs' service profiles from the VLR. Thus, the obsolete user records for an RA are removed from the VLR every time a new MT enters the RA. Note that a new MT's identification may be in the new RA's OML if the RA has performed no registrations since the MT's last departure from the same RA. In this case, the new MT's record in the new VLR would be deleted. To avoid this, the new MT is allocated a record in the new VLR only after the MT has registered itself at the HLR and the VLR has deleted the obsolete user records.
To implement the proposed strategy, one OML per RA is needed in the HLR. Let denote the size of an OML. When the number of MTs leaving an RA since the last registration originating from the RA reaches , an eager deregistration is needed. That is, the HLR does not wait for the arrival of the next registration, but sends all MT identifications in the OML plus the identification of the MT leaving the RA most recently to the RA, and empties the OML. After receiving the MT identifications from the HLR, the VLR associated with the RA deregisters the corresponding MTs.
Essentially, the proposed strategy reduces the signaling traffic and database load due to deregistration at the expense of storage increase in the HLR. There is a trade-off between the size of an OML and the number of eager deregistrations. In other words, more memory allocated to an OML in the HLR will result in less eager deregistrations needed for the corresponding RA, thus less signaling traffic and database access load, and vice versa. Therefore, is a critical factor to determine the cost of the proposed scheme. 
III. ANALYSIS AND SIMULATION RESULTS
A. Analytic Model
Assume that the MTs arrive to an RA according to a Poisson process with rate and an MT's residence time in an RA follows a general distribution with distribution function and mean . Let be the database size (i.e., number of user records) allocated to an RA in the VLR. Each MT occupies one record while it is residing in the RA. When an MT arrives at an RA, if the database is full, the MT can not register at the RA and is rejected (lost). Thus, the distribution of the number of MTs registered in an RA can be modeled as an queue with arrival rate , departure rate , and servers. The probability that there are MTs registered in the RA is given by (1) where is the arrival-to-departure ratio. When , all arrivals are blocked and the blocking probability is given by . The expected number of MTs registered in the RA, , is given by 1 we can see that to ensure the blocking probability is less than , the required database size in the VLR for the group deregistration scheme is . This result is also applied to the explicit deregistration scheme. According to [2] , for an average of 100 MTs in an RA, in order to ensure that the probability of a valid record being deleted is less than , the database size for the implicit scheme and the timeout scheme is and , respectively. Thus, compared to the implicit scheme and the timeout scheme, the proposed strategy requires a smaller storage size in the VLR as the explicit deregistration strategy.
In the following, we calculate the probability that MTs leave an RA during the time between two consecutive arrivals to the RA, . From Fig. 1 it is observed that for . In another word, for , the system can accommodate almost all arriving MTs. Under this condition, the distribution of the number of MTs registered in an RA can be approximated by an queue. According to [4] , the output process of an queue is a nonhomogeneous Poisson process. Its intensity function, , for our model is given by . The probability that MTs leave the RA during the interval between two consecutive arrivals to the RA, , is:
where is the total number of MTs that have left the RA up to time and is the mean value function of the departure process;
. Note that is the probability density of the interarrival time for the arrival process. The expected number of MTs that leave the RA between two successive arrivals is (4) This result is expected, since in the steady state the rate at which MTs enter an RA equals the rate at which MTs leave the RA [2] . Fig. 2 studies the effect of on the deregistration cost of the proposed scheme, where and . The cost of an eager deregistration is set to 1. Deregistration cost of the proposed scheme is obtained via simulations where the user arrival process and the user departure process are emulated. It is observed that the deregistration cost decreases as increases. This is true because relatively higher user arrival rates clean up the OML more frequently, thus resulting in less eager deregistrations due to the overflow of the OML. Fig. 3 compares the cost incurred by group deregistration with that of explicit deregistration. In explicit deregistration, one eager deregistration is invoked for each location registration. The cost of group deregistration for three sizes of OML, 1, 2, and 3, is obtained via simulations where the parameters for the user arrival process and the user departure process are given as follows:
B. Simulation Results
, and . It can be seen that compared to explicit deregistration, group deregistration can achieve a significant cost reduction. The cost reduction increases as increases. It is noted that we do not need a very large value of to achieve a low deregistration cost. International Mobile Subscriber Identity (IMSI) is usually used to identify an MT in location registration and its length is no more than 15 digits. Assume that the number of RAs served by an HLR is 500, , and one digit is one byte long. Then, an extra memory of 22.5 kbytes is needed in the HLR, and the length of existing registration acknowledgment message needs to be increased by bytes. Thus, the increase of HLR capacity is very small.
IV. CONCLUSION
A group deregistration strategy was proposed for location tracking. The proposed strategy eliminates most of the registration cancellation messages by taking advantage of registration acknowledgment messages to send deregistered MTs' identifications to each RA for deregistration. Simulation results have demonstrated that the new strategy greatly reduces the deregistration cost. To implement the new strategy, a small amount of extra storage is needed in the HLR, and a new field needs to be added to the registration acknowledgment message to convey the deregistered MTs' identifications. We believe that these changes are easy to implement and will not degrade the overall system performance. The proposed strategy does not require extra VLR capacity and does not delete valid user records in the VLRs. On the other hand, both implicit deregistration and timeout deregistration require a much larger VLR size and may delete valid user records in the VLRs even though they invoke no deregistration messages.
